INTRODUCTION
Heavy metals are considered to be one of the main sources of pollution for the environment, since they have an important effect on its ecological quality 1 . The human activity increases the contamination levels in the environment.
Cadmium is a severe toxic metal and therefore needs to be frequently monitored in several matrices. It is widely used in special alloys, pigments, coatings stabilisers and in rechargeable nickelcadmium batteries. The major route for cadmium intake is its ingestion. This is largely due to the presence of trace levels of cadmium in foodstuffs of natural origin or the use of phosphate fertilisers and sludge on agricultural soils.
It has been well established that the exposure to an excess of cadmium produces adverse health effects on human beings. Cadmium can be incorporated to the blood by absorption in stomach or intestines after food or water ingestion, or by absorption on lungs after inhalation. It mainly accumulates in the kidney and at high levels it can lead to serious kidney failure.
Several analytical techniques such as flame atomic absorption spectrometry (FAAS) 2, 3 , inductively coupled plasma atomic emission spectrometry (ICP-AES) 4 and inductively coupled plasma mass spectrometry (ICP-MS) 5 are available for the determination of trace metals with enough sensitivity for the most applications. However, the determination of trace metal ions in natural waters is difficult owing to different factors, particularly their low concentrations and matrix effects. Usually, they need matrix separation procedures such as solvent extraction, ion exchange or precipitation to eliminate the matrix or the source of the interfering ions.
Absorption molecular spectroscopy (UV-V) methods were used for cadmium determination [6] [7] [8] [9] . Spectrophotometric detection even is a widely used technique, because its simplicity, lower cost of instrumentation, and usually is precise and accurate. Dithizone, the old and known reagent, is still used as chromogenic reagent for heavy metals determination, with the classical extraction of the analyte in organic medium. The use of this reagent in aqueous/surfactant medium has been reported 6 to prevent the use of chlorinate solvents. However, the reagent in this conditions is unstable to light exposure, so there is not evidence in the literature of its application in other analytical determinations.
The spectrophotometric method proposed in this paper presents different advantages such as a wide linear range, low detection limit and good sensitivity and selectivity compared with other spectrophotometric methods 8, 9 , and an acceptable sample throughput. Also the automatization attained in this analytical method makes it easy to carry out.
The aim of this paper was to propose an alternative FIA method for spectrophotometric determination of Cd(II). The method is based on Cd-dithizone complex formation in basic medium. As this analytical method was applied in waters samples, a preconcentration step was implemented on-line in order to decrease the detection limit. The Dithizone reagent was on-line prepared in aqueous/surfactant medium by using a mini-column filled with solid reagent.
EXPERIMENTAL PART

Apparatus
An UV-V Hewlett Packard 8452A diode array spectrophotometer with a Hellma 178-712Q flow cell with an inner volume of 8 µl was used. The propulsion system consisted of two Gilson Minipuls 3 peristaltic pumps. Rheodyne 5041 and 5011 injection valves were used. The flow system was made of PTEF tubing of 0.5 i.d.
Mini-column preparation
The ion exchange mini-column was prepared by packing a glass tube (length: 3.0 cm, i.d.: 4.0 mm) with Dowex 1-X10 resin (50-100 mesh). The ends of the tubes were fitted with a piece of cigarette filter to keep the resin inside the tube.
The Solid Reagent Column (SRC) preparation
The SRC was prepared by using a dark Tygon ® tube (length: 5cm; i.d.: 3mm) to avoid the photo-degradation of the reagent. It was packed with 50 mg of dithizone and one of the ends of the tube was fitted with a piece of cigarette filter to keep the solid reagent inside the tube.
Reagents and solutions
All reagents were of analytical-reagent grade. Solutions were prepared with ultra pure water (18 MΩ).
A 2.003 g L -1 cadmium stock solution was prepared dissolving 0.4064 g of CdCl 2 .2½ H 2 O (Mallinckrodt) and making up to 100 mL with water. The cadmium calibration solutions were prepared from the stock solution.
The solution of 1 x 10 -3 mol L -1 NaOH was prepared dissolving 0.04 g of NaOH (Merck) in 1000 mL of water.
The solution of 5% (v/v) Triton X-100 was prepared dissolving 50 mL of surfactant in 100 mL of 1 mol L -1 HCl, and then making up to 1000 mL with water.
Samples
Surface water samples from Colorado River (Paso Alsina, Río Negro State, Argentine), Paso Piedras Dike (Bahía Blanca, Buenos Aires State, Argentine); drinking water sample of Bahía Blanca (Buenos Aires State, Argentine); well water samples from San Cayetano (Buenos Aires State, Argentine) and Paso Piedras Dike (Bahía Blanca, Buenos Aires State, Argentine), were collected into plastic Van-Dorn bottles and stored at 4 °C.
Before the analysis, they were equilibrated to a room temperature.
Procedure
The flow injection system is shown in Figure 1 . The Dithizone reagent solution was on-line prepared when a stream of 5% Triton X-100 was passed through the SRC, the reagent stream merged with a dilution line of the same solvent in R 1 , to obtain a suitable concentration.
The preconcentration step was carried out using a mini-column packed with Dowex 1-X10 located in the valve V 2 instead the sample loop. Before loading the mini-column, it was conditioned for the cadmium preconcentration with 0.2 mol L -1 HCl, which was passed through it for 2 min. Then, the sample was loaded for 3 min (valve V 2 in load position). After the loading time, a further washing with 0.2 mol L -1 HCl, for 30 s, served to remove the sample still present in the lines and in the mini-column. Finally, V 1 and V 2 valves were simultaneously switched on and the retained metal was eluted with 10 -3 mol L -1 NaOH. This stream merged with the dithizone solution inside the reactor R 2 and then with a NaOH (0.5 mol L -1 ) stream to attain the optimum conditions for the Cd-Dithizone complex formation in the reactor R 3 . The signal was measured at 544 nm.
RESULTS AND DISCUSSION
Optimisation of chemical and FIA variables
To yield the best performance of the developed manifold (the highest signal and the best reproducibility) chemical and FIA variables were optimised by the univariate method. For this purpose 150 µg L -1 of cadmium standard solution was used.
Preconcentration system
Dowex 1-X10 anion exchange resin was used to fill in the minicolumn for cadmium retention. This resin was washed with hydrochloric acid to ensure complete conversion to the chloride form 10 and to remove iron impurity present in the commercial product. The hydrochloric acid concentration must be less than 2 mol L -1 to prevent the anionic iron-chloro complex formation which was adsorbed by the resin 11 . Also, the conditions to regenerate on-line the resin were studied, different concentrations of hydrochloric acid were tested between 0.1 to 0.5 mol L -1 , the optimum value was 0.2 mol L -1 . The cadmium was retained in the resin as anionic chloro complex. Thus, samples were prepared in different concentrations of hydrochloric acid. These concentrations were tested between 0.2 and 3.0 mol L -1 and the optimum was 1.0 mol L -1 . Cadmium was successful elute with NaOH solution. Different alkaline solutions were tested between 10 -4 mol L -1 to 0.5 mol L -1 ; a fast and total elution was achieved with NaOH 10 -3 mol L -1 .
FIA system
Dithizone solution in aqueous medium showed to be highly unstable to light exposure and its preparation is very tedious and time consuming. So, it was prepared on-line by using a solid reagent column (SRC). A dark Tygon ® tube was used as a column, which was filled with the Dithizone solid reagent.
The SRC was connected in the FIA system and a triton X-100 solution was passed through it. Since the amount of dithizone solubilized depends on the concentration of a surfactant and their flow rate, different percentages of Triton X-100 solution (1-10%) and flow rates (0.40-0.76 mL min -1 ) were tested in order to obtain a suitable concentration of dithizone. The optimum values were 5% and 0.54 mL min -1 respectively. In this way the reagent solution was obtained on-line.
The stability of the signal produced by on-line Dithizone preparation was verified and we conclude that it is stable for some days and 350 samples per column can be analysed.
To ensure the optimum medium (pH 13) for Dithizone-Cd complex formation, different concentrations of NaOH (0.3-0.6 mol L Table 1 .
Analytical Performance
The calibration graph showed to be linear over the range 6-300 µg L The enhancement factor (EF) to evaluate the preconcentration system, was calculated as the ratio of the slopes of the calibration curves before and after the preconcentration treatment 12 and the obtained result was 6.5.
Interferences
The effect of potential interferents on the determination of 100 µg L -1 of Cd(II) was studied. The tolerance limit was taken as the amount that caused an error of 5% in the absorbance. The common ions, which usually are present in water samples, do not interfere (Table 2 ). In order to eliminate up to 2 mg L -1 of Fe 3+ , NaF was added till its concentration is 5 mg L -1 .
Determination of cadmium in water samples
The proposed method for the determination of cadmium was applied to superficial, well and drinking water samples. There was not present cadmium in them, so they were spiked with standard cadmium solution.
In order to validate the results obtained with the developed flow injection system the samples were analysed by ICP-AES. Sodium fluoride solution was added to the samples in order to eliminate the possible Fe(III) interference. The recovery values are shown in Table   Table 1 In order to compare the concentration obtained for the proposed method with that obtained for the reference method, an hypothesis test for two paired samples was applied 13 . The calculated t value was less than t from the table (t calculated = 1.46 and t critic (95%,11) = 2.205) which showed that there was no significant difference between both methods for the determination of cadmium in water samples.
CONCLUSIONS
A simple, highly sensitive and not so expensive automated method was developed and successfully applied to the determination of Cd(II) in natural, well and drinking water samples. The system involves a preconcentration step and the reagent preparation on-line. The method gives a good sensitivity and selectivity, good reproducibility and an acceptable sample throughput. The detection limit (5.4 mg L -1 ) is better than other previously reported 3, 4, 8, 9 . The obtained results for the proposed method was compared with those obtained by ICP-AES and it was statistically proved that they present good agreement. 
